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Introduction 
Vegetable gardening is one of the major divisions of the 
science and art of horticulture. Vegetable growing is an important 
branch of agriculture and has increased more in recent years than 
any other important type of crop production. Vegetables play a 
very important role in the human diet, supplying some of the things 
in which other food materials are deficient. They are important in 
neutralizing the acid substances produced in the course of 
digestion of meats, cheese and other foods. Vegetables are 
important sources of calcium and iron. The green vegetables are 
rich in iron, especially spinach, cabbage, asparagus and green 
beans. Vegetables are also the main source of roughage. Some 
root crops like Beta vulgaris , Daucus carota are the main source 
of vitamin A. They are essential for growth and for the 
maintenance of health. Vegetable growing for local markets is an 
important industry in the vicinity of nearly all of the large cities of 
the United states and around the small cities in many sections of 
the country. Market gardening is highly developed in the regions 
surrounding most of the important cities of the northern and 
v\/estern part of the United states and in the vicinity of some of the 
cities of the south .Vegetable holds a high potential for combating 
the food shortage as their yield per unit area is more than five 
times of any cereal crop. According to latest information available , 
the area under vegetable cultivation in our country is of the order 
of about 2.5% of the total cropped area but in our country the yield 
per hectare is very low in comparison to developed 
countries.(Vegetable crops :Homer C. Thompson, Third edition ). 
The carrot (Daucus carota Linn.) is a very popular vegetable 
and is increasing in importance due to the nutritive value. It is a 
biennial of Umbelliferae/Apiaceae family. The genus Daucus, to 
which the carrot belongs, contain about 60 species , some of 
which are native of North America . It is cultivated throughout the 
world. At present carrots are grown nearly throughout India on a 
commercial scale as well as in kitchen gardens. In Haryana, 
normally 'Pusa Kesar' and a few local cultivars are grown. 
However, a new variety 'Hissar Giaric' has been developed 
through mass germplasm selection from various parts of the 
country. The cultivar has light brown leaves and long, tapering, 
attractive, thin and less fibrous roots. It is an early sown, high 
yielding variety which matures in 120 days. It gives an average 
yield of 28.8 tonnes/ hac. 18.5% higher than 'Pusa Kesar' 
(24.3tonnes/hac). The total carotenoids content present in the 
roots was 96.2mg/100g (on fresh wt basis) compared to 47 
mg/100gm in 'Pusa Kesar'. [kallood et al,Indian Hort,1993, 
37(4),21]. The carrot is important as it has three fold utility being 
used as food, fodder and drug. The peeled roots are gently 
heated, soaked in water overnight, mixed with sugarcandy and 
given as a hypotensive drug . The seeds are reported to show 
antifertility activity The seed oil has a sweet anise like odour, the 
main components identified are p-bisabolene, asarone aldehyde 
and alcoholic compounds. The essential oil from seeds showed 
absolute toxicity against Aspergillus flavus [Mc Andrew,Perfum 
flavor. 1992,17(4)] 
The nutritive value of carrot as a supplement (63.5g) to human 
diet was reported to be energy, 30.5Kcal; protein, 0.57g; iron, 1.4; 
calcium, 50.8; thiamine, 0.025; riboflavin, 0.01; niacin, 0.38; 
vitamin C, 1.9mg; and p-carotene, 200pg. Carrot contains a variety 
of carotenoids that are responsible for the typical colour of the root. 
The total carotenoids content on fresh wt basis was estimated as 
96.2mg/100g. The main pigment of orange carrot are a- and p 
carotene. The p carotene content of carrots ranges from 850-8500 
pg/IOOg fresh weight, forming an important dietary source of 
provitamin A. [Devdas et al, Indian J Nutr Diet, 1987,24.1] 
The numerous varieties of carrots differs in shape, size, 
colour and quality. In cooked carrot, the p carotene content was 
found much higher than in raw carrot. Therefore cooked carrot are 
a better source of (3 carotene than raw carrot. Fresh carrot roots 
contain polyacetylenes, falcarinol and its monoacetate. 
Polyacetylenes are potentially important factors (in food) as they 
frequently exhibits toxic and antimicrobial properties. 
The carrot thrives best in a deep, loose, loamy soil. The roots 
are harvested just before the ground, freeze and are stored in 
cellar. Carrots are eaten raw or cooked and are often used for 
flavouring soups and stews. The carrot are important vegetable 
due to its high carotene contents, which is the precursor of vitamin 
A. The carrots are highly useful in vision improvement and curing 
night blindness. It also contain appreciable quantities of thiamine 
and riboflavin. (The Wealth of India ,vol.3). 
Carrot is infected by a large number of pathogenic agents 
like fungi, bacteria, nematode, mycoplasma, and viruses. The 
carrot crop which is mostly affected by viruses are Cucumber 
mosaic virus (Wolf and Schmelzer, 1973),Carrot mottle dwarf virus 
(Stubbs,1974), Lucerne mosaic virus ( Douine ,1976), Carrot thin 
leaf virus and Celery mosaic virus (Howell and Mink, 1981), Carrot 
JntHodudm 
red leaf virus (Waterhouse and Murant ,1982) .Tomato black ring 
virus (Waterhouse and Murant 1982) . These viruses cause 
various symptoms like mosaic, reddening, vein clearing .yellowing 
of leaf .mottling . vein banding. 
Our investigation revealed the presence of a severe virus 
disease characterized by reddening and mosaic like symptoms of 
carrot leaf prevalent in Aligarh region. The present investigation 
was taken up to identify and characterize a virus causing red leaf 
disease of carrot with following objectives. 
• Host range studies 
•:• Mechanical and Biological transmission 
<• Symptomatology 
• Biophysical properties(DEP,TIP & LIV) 
•:• Effect of various buffers at different pH levels on the 
infectivity of virus. 
•> Effect of different molarity on the infectivity of virus 
• Effect of different pH level 
eMCUPJ€Jt-2 
Review of Literature 
A number of viruses have been reported to infect carrot under 
natural as well as experimental conditions. An attempts has been 
made to review the literature pertaining to virus infection on carrot 
as follows. 
Iwaki and Komuro (1970) found that Brachycolus (semiaphis) 
heraclei Tak. Was a vector of celery mosaic virus and IVIyzus 
persicae (Suiz) of both celery mosaic and CMVs. Carrot, Celery, 
coriander and parsley were all susceptible to celery mosaic virus. 
Wolf and Schmelzer (1972) isolated carrot mottle (8 host spp.) 
besides celery mosaic (22), CMV (18), tomato black ring (7), alfalfa 
mosaic{6), arabis mosaic (3), nasturtium ringspot (3), caraway 
yellow mottle (3), tobacco rattle (2), parsnip yellow fleck (1), 
cowparsnip mosaic (1) and tomato aspermy (l).Unidentified 
viruses were shown for the first time to have natural hosts among 
the umbelliferae. 
Frowd and Tomlinson (1972) reported that stunted parsley 
plants with leaf chlorosis and reddening from 13 sites in beds; 
Bucks; Ches. and Bristol yielded 5 viruses (RPP 51, 1h, 45951) of 
which PV4 , Carrot mottle virus, was the principal cause of the 
disease. 
fitpideni of. fJlemlwce 
Wolf and Schmelzer (1972) isolated viruses from diseased 
carrot plants, as carrot mottle, CeMV, CMV and , for the first time 
in the GDR, alfalfa mosaic, arabis mosaic, nasturtium ringspot and 
tobacco rattle; the last virus occurred naturally in the umbelliferae . 
The losses due to these viruses (generally> 50%) can be reduced 
by cultivation and hygiene. Alfalfa mosaic, arabis mosaic, carrot 
mottle, CeMV, CMV, nasturtium ring spot and tobraviruses were 
isolated from carrot with various symptoms. Survey showed that 
annual carrct losses from these viruses normally exceed 50% in 
the GDR and cultural advice is given on their prevention. 
Murant, Roberts and Gold (1973) reported that the changes 
included by the carrot mottle virus in systemically infected cells of 
plants grown at 17°C and illuminated at 4000 lux for 8 hr/day were 
most obvious in palisade cells. About 6 days after inoculation 
tubules appeared in the cytoplasm, associated with the 
plasmodesmata. Later the tubules, some of which became 
sheathed by cell wall material forming plasmodesmatal 
outgrowths, extended towards the vacuole, others towards the 
nucleus, causing invaginations in it. Endoplasmic reticulum and 
Golgi bodies increased especially near the nuclei, and complexes 
of cytoplasmic tubules with endoplasmic reticulum were observed. 
Membrane bound particles, some with densely staining central 
spots, appeared in the vacuole close to the tonoplast and reached 
their maximum number after 8-9 days. Tests with phenol treated 
and buffer extracts showed that the cells contained both labile and 
stable infectivity. The former predominated early in systemic 
infection (5-7days) and then declined, while the amount of stable 
infectivity increased, reaching a maximum in 8-9 days. It is 
suggested that the labile from of infectivity consists of RNAase 
sensitive material, probably nucleocapsioc, which becomes stable 
(RNAase resistant) when they receive a protective envelope on 
entry into the vacuole. 
Stubbs (1974) identified a virus disease of carrot known as 
'Motley dwarf' for the first time in California. Studies showed that 
Cavariella aegopodii could transmit both known components of 
motley dwarf (carrot mottle and carrot red leaf viruses). In addition 
to, Dysaphis apiifolia (Theo.) was abundant on the infected plants, 
and yellow mosaic symptoms (though not the marginal reddening 
associated with motley dwarf) appeared on carrot seedlings to 
which these aphids were transferred. Examination under the 
electron microscope of extracts prepared from carrot leaves with 
symptoms of motley dwarf showed that three morphologically 
3taueut.o^£iteHaiux£. 
distinguishable viruses were present but host - range studies 
indicated that at least four distinct viruses were present in some 
samples. 
Tomlinson and Webb (1974) found that many plants in a 
parsley crop near Evesham were infected with the viruses causing 
carrot motley dwarf. Some plants contained another virus 
(in addition to CMotV) which caused typical symptoms in 
N.clevelandii. This virus was provisionally identified as a 
rhabdovirus and has bacilliform or bullet shaped particle 
c.214x87nm. 
Tomlinson and Innes (1974) noticed that carrot motley dwarf 
virus was widespread and severe in a parsley trial with 6 cvs. 
Roberts and EInagar (1975) described, among viruses of 
Umbelliferous crops, electron microscopy of aphids carrying 
anthriscus yellow virus and aphid transmission of carrot mottle and 
carrot red leaf viruses. 
Murant (1975) worked on carrot with motley dwarf disease 
symptoms found that the incidence of the disease and the vector 
aphid (C.aegopodii) was low in several commercial crops 
examined but high in a field experiment plot. Test by manual and 
aphid inoculation showed the affected plants contained both 
components of the disease, CMotV and CRLV. This is the first 
record of the disease in Canada and the first evidence that both 
components occur in N.America . 
Horvath, Ljubesic and Besada (1976) isolated CeMV from 
mosaic diseased parsley, celery , carrot and parsnip plants in 4 
locations in Hungary, a new record for the country . The 4 isolates 
were transmitted by mechanical inoculation and by Myzus persicae 
in a stylet borne manner. Of 29 spp. In 9 families tested, 10 in 3 
families were susceptible to CeMV. Dip preparations contained 
flexous filaments,c. 760-770nm long. Infected Ammi majus plant 
tissue contained numerous lamellar aggregates as well as pin 
wheel structures, characteristic of CeMV (potyvirus group). 
Douine (1976) isolated a new strain of lucerne mosaic virus 
from carrot and identified as alfalfa mosaic virus on the basis of 
electron microscope and serological observations. It differed from 
other structures of the virus in the reaction of a range of differential 
hosts. The symptoms produced closely resembles those of CMV. 
Howell and Mink (1976) isolated a virus from carrots and 
purified by chloroform, differential ultra centrifugation, polyethylene 
glycol precipitation and rate zonal sucrose density gradient 
centrifugation .The virus was transmitted by aphids {Myzus 
Si£tuema(,£Ue>udUHe 
persicae and Cavariella aegopodii) given 5-10 min acquisition and 
transmission feeding periods. Properties in crude sap included 
;longevity in vitro 2 days, TIP 50-55°C, and DEP> 10'^The virus 
was named CTLV and its morphology, vector relationship and 
properties suggest that it is a member of the potyvirus group. 
Differences in host ,symptoms and serological distinguish CTLV 
from other members of this group. Infected carrot plants developed 
characteristic twisted, thread like leaflets with vein clearing and 
chlorotic spots, 2-3 weeks after inoculation. 
J.A. Dunn (1976) had given a short term leaflet which contains 
information on the morphology, life history and control of Cavariella 
aegopodii (Scop.) on the damage that it causes on carrot and 
parsley in Britain (which is some time confused with that caused by 
carrot fly, {Psila rosae f.), on the factors affecting its abundance, 
and on the incidence of carrot mosaic virus carried by it. The 
winter eggs are laid down on willows, especially Salix fragilis and 
S.alba where the first few generations develop until alatae are 
produced that migrates to carrot or parsley in May-June: a further 
winged generations developed in late July that migrates to wild 
hedgerow Umbelliferae and willows. Over wintering also occurs on 
carrot crops left in the soil or in umbellifers that do not die down 
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completely before the winter. Warm dry weather in spring and 
summer results in migration from willows to other willows and the 
production of an extra willow generation that develops within a 
week and migrates to carrot in very large numbers; cold wet 
weather may however prevent migration to carrot. High incidence 
of motley dwarf virus on carrot and parsley is closely linked with 
the number of aphids over wintering on carrots left in the soil 
during the winter; all over wintered crops of carrot and parsley 
should be removed ploughed in or sprayed with an insecticide 
before the spring migration of aphids. 
Howell and Mink (1977) determined the incidence of the 
diseases in carrot fields in 4 regions by visual and indexing 
surveys. CMDV incidence was low (0-16%) in all regions, whereas 
that of CTLV was often high (0-97%) in the 3 central regions. 
Although CTLV has been reported only from wash; it was isolated 
during 1975 from 65% of the steckling carrots from Idaho 
transplanted to central wash for seed production. 
Howell and Mink (1997) reported initial appearance of CTLV 
and CMDV diseases in commercial carrots fields in central 
Washington state was correlated with flights of the aphid 
Cavariella aegopodii. The subsequent spread of CTLU throughout 
12 
these fields was mainly related to the appearance of Myzus 
persicae (Sulz.) in carrot fields. Aphids and CrL\/occurred more 
frequently at the edges than in the centers of the carrot fields. 
Howell and Mink (1997) reported that the results of indexing 
surveys of weed hosts showed that CMDV was isolated only from 
wild carrot (Daucus carota L.), whereas CTLV was isolated from 
both poison hemlock (Conium maculatum ) and wild carrot. 
Gradients of both viruses in commercial fields adjacent to infected 
weeds suggested that weeds were a primary source of both 
inocula in the Walla Walla Valley . In the Columbia basin natural 
weed hosts for the viruses were not found. Carrots raised for root 
processing, volunteer carrots and those grown for seed, however, 
formed a continuous yearly cycle of hosts, which perpetuated the 
viruses. 
EInagar and Murant (1978) reported that Scottish isolates of 
the viruses confirmed the dependency of CMotV on CRLV for 
transmission by C.aegopodii. CMotV was transmitted by aphids 
only when the 2 viruses were present in the same source plant, 
and its transmission was not assisted by anthriscus yellows virus, 
which acts as a helper for parsnip yellow fleck virus. Some test 
plants become infected with CRLV alone, and a few with CMotV 
13 
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alone. In winter aphid transmission of both viruses was greatly 
increased when the source plant received supplementary lighting, 
whereas the CMotV infectivity of sap was not increased. 
EInagar and Murant (1978) reported in their further 
experiments in Scotland the transmission of CMotV and its helper 
virus CRLV, these viruses were not transmitted to wild chervil 
{Anthriscus cerefolium) by adults of C.aegopodii (Scop.). The 
viruses were transmitted by recipient aphids injected with 
haemolymph from donor aphids that had fed on plants with mixed 
infections, but they were not transmitted by a second group of 
recipient aphids injected with haemolymph from the first group of 
recipients. The results confirm that both viruses are circulative, but 
they do not indicate any evidence for multiplication in the vector. 
They could only transmit CMotV after acquiring it from a plant 
infected with both viruses. CMotV particles acquired by aphids 
from plants with a mixed infection therefore differed in some way 
from those plants with a single infection. A possible explanation of 
these results and of the dependence of CmotV on CRLV for aphid 
transmission is that doubly infected plants contain some particles 
consisting of CmotV nuc\e\c acid coated with CRLU protein. 
14 
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Murant, Scott and Bainbridge (1978) described the semi-
persistent viruses parsnip yellow fleck and its helper virus 
anthriscus yellows, and the persistent viruses carrot mottle and its 
helper virus carrot red leaf all of which are transmitted by 
Cavariella aegopodii. CMotV possibly depends on its nucleic acid 
becoming coated with CRLV protein to prevent it from 
degeneration within the aphid body. 
Buturac (1979) has reported carrot as one of the host of the 
celery mosaic virus besides celery, parsnip, coriander and parsley. 
Wild spp. were also found to get infected. 
Howell and Mink (1979) reported that infections of CMDV 
lowered root yields by 44-79% and seed yields by 62-83% in glass 
house, screen house and field tests in wash in 1974-76. Much of 
the loss incurred during seed production was due to high mortality 
among infected plants. No seed transmission was observed in 
seedlings from lots containing 5000 seeds harvested from carrots 
infected with either virus. Germination percentages in seed from 
C/WV-infected and healthy carrots were the same. 
Bar Joseph et al. (1979) reported that the viruses of 
ciosteroviruses group are transmitted by aphids. The group 
includes the viruses severe damage. The group includes the 
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viruses causing tlie conditions known as apple chlorotic leaf spot, 
beet yellow stunt, beet yellows, carnation necrotic fleck, carrot 
yellow leaf, citrus tristeza, clover yellows and potato virus Y. 
Russell (1981) reported the development of resistant varieties 
and their role in the control of the following pests and pathogens 
considered briefly: Phytopthora infestens and Globodera spp. in 
potatoes, Bremia lactucae in lettuce, Psilla rosae in carrots, 
tobacco mosaic virus in tomatoes (including information on genes 
conditioning resistance and hypersensitivity). Venturia inaequalis, 
Podosphaera leucotricha, Sappaphis mail (Dysaphis plantaginea), 
Aphis pomi, Psylla mali and Hoplocama testudinea in apple and 
morphrophora in raspberry. The potential value of breeding for 
resistance to pests and diseases is discussed with special 
reference to potato, lettuce, carrot, tomato, apple and raspberry. 
Waterhouse and Murant (1982) reported the characterization of 
carrot red leaf and carrot mottle viruses. Tomato black ring virus is 
reported on carrot for the first time in U.K. 
Waterhouse and Murant (1983) reported that the preparation 
were made from chervil plants doubly infected with CMotV and its 
helper virus, CRLV, on which it depends for transmission. 
Transmission of CMotV by C.aegopodii is dependent on the 
16 
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packaging of its RNA in coats composed partially or entirely of 
CRLV particle protein. Myzus persicae does not transmit CRLV or 
CMo^V from plants mixedly or singly infected with these viruses but 
it is a vector of beet western yellows virus (BWYV) and potato leaf 
roll virus (PLRV) and it transmitted CMotV from plants that also 
contained either of these viruses. This suggests that the coat 
proteins of BWYV and PLRV can substitute for that of CRLV in 
packaging CMotV nucleic acid and thereby confer on it their own 
vector specificity. 
Murant and Raschke (1983) worked on the RNAs of carrot red 
leaf virus and CMotV and on the helper dependent transmission of 
heracleum latent virus by aphids. 
Chod (1984) reported that the isolates of the virus from 
Nantes carrot were transmitted mechanically to carrot, 
Chenopodium quinoa, C.amaranticolor, C.murale, Ammi majus 
and celery. Indicator plants developed local lesions and yellowish 
spots. Electron microscopy of infected plants revealed filamentous 
particles c.760 nm long. The isolates reacted with antiserum to 
celery mosaic virus. Results of diagnosis v-^ onfirmed that this virus 
differed from others found on carrot. 
17 
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Murant et al.(1985) reported that Particles of carrot red leaf 
virus (CRLV; luteovirus group) purified from chervil (Anthriscus 
cerefolium) contain a single ssRNA species of mol. wt. about 1.8 x 
106 and a major protein of mol. wt. about 25 000. CRLV acts as a 
helper for aphid transmission of carrot mottle virus (CMotV; 
ungrouped) from mixedly infected plants. Virus preparations 
purified from such plants possess the infectivity of both viruses but 
contain particles indistinguishable from those of CRLV; some of 
the particles are therefore thought to consist of CMotV RNA 
packaged in CRLV coat protein. When RNA from such 
preparations was electrophoresed in arose/polyacrylamide gels, 
CMotV infectivity was associated with an RNA band that migrated 
ahead of the CRLV RNA band and had an estimated mol. wt. of 
about 1.5 X 10 6, similar to that previously found for the infective 
ssRNA extracted directly from Nicotiana clevelandii leaves infected 
with CMotV alone. Preparations of dsRNA from CMof\/-infected N. 
clevelandii leaves contained two species: one of mol. wt. about 3.2 
X 10 6, presumably the replicative form of the infective ssRNA, and 
the other, mol. wt. about 0.9 x 10 6, of unknown origin and 
function. The infective agent in buffer extracts of CMotV infected 
N. clevelandii was resistant to RNAase (although the enzyme 
Sieuiew. of. £ite>iaiiiS£ 
acted as a reversible inhibitor of infection at high concentrations) 
and is therefore not unprotected RNA. it may be protected within 
the approximately 52 nm enveloped structures previously reported. 
Van Dijk and Bos(1985) Viral dieback of carrot, chervil, 
coriander, dill and wild Umbelliferae is described. Disease 
incidence in carrot crops grown for seed is often high but low in 
ware carrot. There is no secondary spread in carrot crops. The 
causal virus was identified as the Anthriscus strain of parsnip 
yellow fleck virus (PYFV) transmitted by Cavariella aegopodii from 
cow parsley (Anthriscus sylvestris). Nicotiana benthamiana was 
practically indespensable for isolation of PYFV by sap 
transmission from plants with viral dieback.No immunity was found 
in 12 carrot cultivars or in wild carrot. Disease control with a 
systemic insecticide had limited effect. Carrot red leaf virus and 
carrot mottle virus were commonly found in carrot, but they did not 
cause dieback symptoms. Cucumber mosaic virus, parsnip mosaic 
virus and a virus resembling that of carrot yellow leaf were 
occasionally isolated from carrot. Symptoms due to mycoplasma 
were also observes. 
Waterhouse (1985) reported that the leaf reddening of carrots 
and dill (Anethum graveolens) was associated with the presence of 
CRLV, on the basis of aphid transmission (by Cavariella 
aegopodii), and a new record for Australia. CMotV was not found 
in any of the plants infected by CRLV. 
Bleyaert, Meunier and Verhoyen (1^/87) reported a disease 
causing yellowing and reddening of leaves, death of small roots 
and bad growth of parsley, was investigated. Pesticides and 
modifications of the rooting environment had no effect. Further 
research revealed the presence of a complex of CMotV + CRLV, 
which causes the carrot mottle dwarf disease. 
Meunier and Verhoyen (1987) reported that the results of 
mechanical and aphid transmission tests showed that carrot and 
parsley plants with carrot motley dwarf disease contained 2 
viruses: CMotV and CRLV. CMV was transmitted by C.aegopodii 
only in the presence of CRLV. 
Meunier and Verhoyen (1987) reported that in Belgium, 
yellowing and reddening of the leaves of carrot and stunting and 
resetting of parsley plants, with the outer leaves turning from green 
to yellow to red or pink, were attributed to a combination of carrot 
mottle virus and CRLV affecting both plants. The first virus was 
transmitted by mechanical inoculation and by the aphid C. 
aegopodii in a persistent manner in the presence of the 2"^ virus. 
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Barker (1989) reported that the concentration of PLRV 
(c.1300ng/g leaf) in singly infected N.clevelendii plants was 
increased up to 10 fold in plants co-infected with each of several 
potyviruses, or with narcissus mosaic potexvirus, CMotV or each 
of 3 tobravirus isolates. 
Dijk and Bos (1989) discussed the importance of wild 
Umbelliferae as virus reservoir hosts. Biological testing of 974 leaf 
samples of umbelliferae yielded 569 virus isolates of which 550 
were classified into 19 viruses, 2 of them with 2 structures each. 
Viruses frequently occurred in mixtures, and infection often was 
symptomless. Their natural and experimental host ranges are 
tabulated. Anthriscus carlavirus and caraway latent virus are 
tentatively described as new viruses. However among various 
viruses, CRLVioo shows incomplete description. 
Hemida and Murant(1989) reported that Isolates of parsnip 
yellow fleck virus (PYFV) from parsnip (P-121), celery (CV506 and 
CV065) and Heracleum sphondylium (Hs2) were serologically 
close to each other but distant from isolates from carrot (Dc2 and 
Dc5) and Anthriscus sylvestris (A-421 and As2), which were in turn 
close to each other serologically. The two groups of isolates also 
differed from each other in host range. Minor differences in 
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immunological reactions and in host range and symptomatology 
were observed between isolates in each group. Particles of all 
eight isolates had similar RNA and protein compositions. The data 
confirm that PYFV isolates fall into two major serotypes, those 
from parsnip, celery and H. sphondylium belonging to the P-121 
serotype and those from carrot and A. sylvestris belonging to the 
A-421 serotype. 
Derrick, Barker and Oparka (1990) reported that the MW 
exclusion limit of plasmodesmata in subveinal epidermal cells of 
N.clevelandii leaves was estimated by microinjection and 
fluorescence microscopy using fluorescein isothio-cyanate peptide 
conjugates, carboxy fluorescein and Lucifer Yellow CH. Systemic 
infection of plants by tobacco rattle tobravirus, tomato black ring 
neprovirus or potato Y potyvirus did not alter the limits of 
plasmodesmatal conductance of the fluorochromes. However 
carrot mottle virus and groundnut rosette virus diminished the 
symplastic mobility of some fluorescent tracers. These results 
imply that intercellular movement of these viruses does not involve 
a long-lasting increase in the plasmodesmatal molecular size 
exclusion limit. 
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Gupta et al.,(1990) reported a wide spread mosaic disease of 
carrot in and around Aligarh, UP; India. In subsequent tests only 
28 spp. From 183 tested (representing 26 families) were 
susceptible to the virus, called carrot mosaic virus. These together 
with tests on transmission and physical properties of the virus 
indicated that it was not identical to any other virus reported on 
carrot, and it is suggested that the Aligarh isolate may be a 
previously unrecorded virus. 
Falk, Davis and Piechocki (1991) reported a disease of carrots 
in California shown to be caused by carrot thin leaf potyvirus {CA-
CTLV). CA-CTLV was recovered only from carrots grown in the 
San Joaquin Valley and not from carrots collected from the 
Salinas or Imperial Valley, carrot- producing areas. CA-CTLV was 
transmitted by both Myzus persicae and Cavariella aegopodii in a 
non persistent manner. Purified virion showed typical potyvirus 
morphology when examined by E.M and a capsid protein Mr. of 
c.33000 was determined by SDS-PAGE. Antisera produced to CA-
CTLV reacted positively with extracts of plants infected with CA-
CTLV. Nearly identical reaction were obtained when CA-CTLV and 
the Washington (WA) CTLV isolate were compared in 
immunoblots using CA-CTLV and WA-CTLV antigens and 
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antisera, showing that CA-CTLV is closely related serologically to 
WA-CTLV. 
Watson and Falk (1994) reported that the geographic and 
temporal incidence of CMD and the partial host range of the 
CMDVs and their aphid vector, C.aegopodii , were investigated. 
The CMD viruses (CRL luteovirus and CMotV) and C. aegopodii 
were found to have limited host range that overlap in carrot but in 
no other plant species growing in the Salinas Valley. Field studies 
assessing the incidence of CMD in spring carrots revealed that 
CMD development was closely associated with over wintered 
carrot fields. Little to no CMD developed in spring fields that were 
distant from good resistant to extreme susceptibility. These data 
suggests that time of planting, location in relation to over wintered 
carrot fields and carrot cultivars are all important factors in disease 
development (from over wintered carrot fields or when no over 
wintered carrot fields were present, susceptibility of carrot cultivars 
to CMD ranged). . 
Gibbs et al.(1996) reported that Carrot mottle umbravirus 
(CMoV) has always been found co-infecting plants with carrot red 
leaf luteovirus (CRLV) and in carrot (Daucus carota) these co-
infections are associated with carrot motley dwarf disease (CMD). 
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CMD occurs wherever carrots are grown. Hence, CMoV was 
believed to have a corresponding global distribution. However, little 
or no hybridisation was detected between cDNA generated from 
the sequenced Australian isolate of Ci\,1oV (CMoV-A) and RNA 
from the much studied Scottish isolate of CMoV (CMoV-S). A weak 
hybridisation signal was obtained using cDNA to a conserved part 
of the RNA-dependent RNA polymerase gene of CMoV-A, but 
when cDNAs to other parts of the CMoV-A genome were used as 
probes there was no detectable hybridisation with CMoV-S RNA. 
This lack of hybridisation suggests that the two virus isolates have 
relatively divergent genomes and that they should be regarded as 
distinct virus species. Both viruses are transmitted by Cavariella 
aegopodii, but only with the help of CRLV, and they yield almost 
identical double-stranded RNA profiles. For these reasons, we 
propose that the CMotV isolate from Australia be renamed carrot 
mottle mimic umbravirus (CMoMV). cDNA to CMoMV RNA 
hybridised with RNA from an isolate from New Zealand, whereas 
cDNA to CMoV-S RNA hybridised with RNA from isolates from 
England and Morocco but not to RNA from the isolate from New 
Zealand. Although preliminary, these data suggest that CIVloV and 
CMoMV may have different global distributions. 
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Gibbs, Cooper and Waterhouse (1996) reported that The 
genomic sequence of an Australian isolate of carrot mottle 
umbravirus (CMoV-A) was determined from cDNA generated from 
dsRNA. This provides the first data on the genome organization 
and phylogeny of an umbravirus. The 4201-nucleotide genome 
contains four major open reading frames (ORFs). Analysis 
suggests that 0RF2 encodes an RNA-dependent RNA 
polymerase, that 0RF4 encodes a movement protein, and that the 
virus has no coat protein gene. The functions of ORFs 1 and 3 
remain unknown. 0RF2 is probably translated following ribosomal 
frameshifting. ORFs 3 and 4 are probably translated from a 
subgenomic mRNA. Sequence comparisons showed CMoV-A to 
be closely related to pea enation mosaic RNA2 (PEMV-RNA2), but 
also to have affinities with theSromowr/cfae.These findings shed 
light on the relationships between the luteoviruses, PEMV, and the 
umbraviruses and on the relationships between the carmo-like 
viruses and the Bromoviridae. 
Ndunguru and Kapooria (1997) reported that the symptoms 
indicative cucumber mosaic(CMV) infection were observed on 
cabbage, carrot, celery, coriander, lettuce, radish and parsley in 
gardens in Lusaka, Zambia. The virus was identified as CMD by 
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DAS-ELISA and electron-microscopy in carrot, celery, lettuce and 
radish. However, CMV could not be detected in cabbage, 
coriander and parsley, suggesting that these crops were infected 
by a different virus. 
Michael T. et al., (1997) reported that virions were purified 
from Anthriscus cerefolium or Coriandrun, sativum plants infected 
with the viruses that cause California carrot motley dwarf. Sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis of virion 
preparations yielded a single prominent protein species of 
approximately 28,000 molecular weight; however, denaturing 
agarose gel electrophoresis showed that virions contained three 
prominent single-stranded RNAs of approximately 5.6, 4.2, and 2.8 
kb. Northern hybridization analyses, using transcripts generated 
from cloned cDNAs that corresponded to each of the virion RNAs, 
showed that the 5.6- and 4.2-kb RNAs were the genomic RNAs of 
the carrot red leaf luteovirus (CRLV) and the carrot mottle 
umbravirus (CMoV), respectively. Virions also contained an 
approximately 1.3-kb RNA related to the CMoV genomic RNA. The 
2.8-kb RNA did not hybridize with CRLV or CMoV cRNA probes. 
Analysis of naturally infected carrot {Daucus carota) plants showed 
that CRLV, CMoV, and the 2.8-kb RNA were always present in 
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carrot motley dwarf- affected plants. Greenhouse aphid- and 
mechanical-iransmission experiments showed that the 2.8-kb RNA 
was consistently present in plants also infected by both CRLV and 
CMoV, but never in plants infected by only CMoV. Near full-length 
cloned cDNAs corresponding to the 2.8-kb RNA were prepared, 
and the complete nucleotide sequence was determined to be 
2,835 nucleotides. Two large open reading frames (ORFs), 1a and 
1b, were present within the sequence and were separated by an 
amber (UAG) stop codon. A third ORF (ORF 2), capable of 
encoding a protein of 4,289 molecular weight, was located near 
the 30 terminus. BLASTP results showed that the 2.8-kb RNA was 
most closely related to the beet western yellows luteovirus (BWYV) 
ST9-associated RNA. Based on its biological and molecular 
characteristics, we have named the 2.8-kb RNA the CRLV-
associated RNA (CRLVaRNA) 
Vercruyssae et al., (1999) reported that transmission tests 
using C.aegopod//from parsley plants showing symptoms of carrot 
motley dwarf (CMD) like disease, and the indicator plants chervil 
and coriander, indicated that the disease in parsley may be caused 
by the CMD virus complex. As a more specific test, a DAS-ELISA 
and a cocktail ELISA method was developed which could detect 
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the coat protein of carrot red leaf virus (CRLV) in chervil plants 
infected with the CMD-like disease of parsley. The developed 
immunoassays could not, however, detect CRLV in parsley. 
Further tests using Northern blot hybridization with cDNA probes 
found that a CRLV cDNA fragment from infected California carrot 
could not detect CRLV in parsley, but CRLV-associated RNA was 
identified as a component of the viral disease in parsley using a 
cDNA fragment complementary to the CRLVa RNA probe, ds -
RNA analysis of diseased parsley and chervil plants identified for 
the first time the presence of carrot mottle virus (CMotV) as a 
component of the virus complex in parsley. A sensitive, RT-PCR 
method was then developed which could readily identify CRLV, 
CMotV and CRLV-associated RNA, the 3 components of CMD, as 
the causal agents of the disease in infected parsley and chervil 
plants. All 3 viral RNAs were present in parsley plants showing 
disease symptoms. This technique also allowed detection of each 
of the CMD components in individual yiruliferous aphid vectors. 
The molecular structures of CMotV was also analysed. 
Vercruyssae et al.,(2000) developed a method for detecting 
and distinguishing the viruses associated with carrot motley dwarf 
(CMD) disease, i.e. Carrot mottle umbravirus (CMoV), Carrot red 
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leaf virus (CRLV) and the virus known as carrot red leaf virus-
associated RNA (CRLVaRNA). Redundant prinners were made 
that targeted the RNA-dependent RNA polymerase (RdRp) gene in 
all available sequences of umbraviruses and in a subset of 
polerovirus genomes, and specific and redundant primers were 
made to target the same gene in CRLVaRNA. By using these 
primers in RT-PCR reactions, cDNAs were amplified from total 
RNA isolated from Belgian parsley with CMD disease. The cDNAs 
were sequenced and an analysis of this data showed that the 
plants contained all three viruses. RT-PCR assays were optimized 
for the simultaneous detection of the three viruses in infected 
parsley and chervil plants and in individual viruliferous aphids. This 
is the first report of a natural infection of CRLVaRNA in a plant 
other than carrot and the first report of this virus outside the USA. 
The study also confirmed that the umbravirus in parsley with CMD 
disease is CMoV, and that this virus is distinct from carrot mottle 
mimic umbravirus (CMoMV), which is also associated with CMD, 
but apparently not in Europe. 
Binks et al., (2003) reported the anthriscus strain of parsnip 
yellow fleck virus (PYFV) has become epidemic in UK grown carrot 
crops. The virus is transmitted semi-persistently by the willow-
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carrot aphid {Cavariella aegopodii) but vectors can only 
successfully transmit PYFV to carrots after acquiring the co-virus 
Anthriscus yellows waikavirus (WYV), from cow parsley 
{Anthriscus sylvestris). Very little is known about the epidemiology 
of PYFV/AYV and the relative importance of plant hosts and insect 
vectors in the viral spread. Furthermore, from recent observations 
of field infestations of PYFV, it is evident that pesticides have no 
success in controlling the spread of the disease; that is because 
some pesticides are not sufficiently fast acting and do not prevent 
the relatively short aphid feeding probes which are sufficient for 
virus transmission. The project aims to close major gaps in our 
understanding of the complex PYFV/AYV complex. It will 
•undertake strategic research to investigate the dynamics and 
behaviour of the vector and the role of known and alternative hosts 
for both vector and virus. The ultimate aim of the project will be to 
develop diagnostic techniques to improve virus detection and the 
epidemiology of the disease in carrot crops with the aim of 
developing sustainable strategies for the management of both 
vectors and virus. 
Lindera et al., (2004) reported that Carrot virus Y (CarVY) is a 
newly described potyvirus that causes a foliar and root disease in 
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carrots which seriously diminishes yield and quality. It infects crops 
in most commercial carrot producing areas of Australia. Infection 
sometimes reaches very high incidences within individual crops 
resulting in their being abandoned due to unmarketability of the 
roots. A range of commonly grown carrot cultivars were all 
susceptible. CarVY symptoms in carrot foliage are chlorotic mottle, 
marginal necrosis or reddening and generalised chlorosis of 
leaves, increased subdivision of leaflets giving a 'feathery' 
appearance and plant stinting. Roots from plants infected early 
are stubby showing severe distortion and knobliness, while those 
from plants infected late are thin with little distortion. The known 
host range of CarVY is narrow and the key infection sources for 
spread by aphid vectors to newly sown crops are infected 
'volunteer' carrots and adjacent infected carrot crops. Continuous 
irrigated carrot production in sequential plantings on the same farm 
all-year-round results in massive infection with the virus, while 
discontinuous production results in low incidences. Exposure of 
young carrot plants to peak aphid populations initiates early 
epidemics. Case histories showing how control measures affected 
CarVY incidence are described for one farm that deployed them 
compared with one that did not. An integrated control strategy 
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devised for sustainable management of CarVY in carrot crops is 
described. Preliminary tests indicate that seed transmission of 
CarVY may occur at low levels in carrot, so introduction of the 
virus to isolated sites may be from inadvertent sowings of 
contaminated carrot seed. 
Nina et al. (2004) reported that Carrot virus Y (CarVY) is a 
single-stranded, positive sense RNA potyvirus that infects 
members of the Apiaceae family. The development of carrot 
cultivars that are highly resistant or immune to infection will greatly 
benefit the horticultural industry through reduced inputs into crop 
protection, increased crop and food quality and yield. There are no 
known sources of natural resistance to CarVY and therefore a 
transgenic approach is being employed to speed up conventional 
resistance breeding programs. An efficient regeneration system 
was developed based on somatic embryogenesis. Carrot cultivars 
Stefano and Crusader required 0.5 |JM 2,4-dichlorophenoxyacetic 
acid (2,4-D) for optimal callus induction from petiole explants. For 
the induction of viable somatic embryos, callus cultures were 
grown for 4-8 weeks with a 16 hr photoperiod on a medium devoid 
of plant growth regulator. Petiole explants were successfully 
transformed via /Agrojbacte/'/i;/77-mediated transfer with binary 
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vectors containing the gfp reporter gene. Approximately sixty 
percent of transformed petioles produced regenerative transgenic 
callus. A short sequence of the nuclear inclusion protein a (NIa) 
region of the CarVY genome will be targeted for future RNAi 
silencing of the virus. A partial sequence of this region has been 
isolated and characterised. 
Fittje et al., (2005) reported a new virus disease of carrots 
{Daucus carota) has gained increasing importance in Germany. 
The complex of symptoms consisting of leaf reddening, plant 
stunting, hairy and rat tailed roots is thought to be caused by viral 
infections. Particularly the main carrot growing areas in Lower 
Saxony are adversely affected. In field surveys in 2003 about 30 % 
symptomatic plants were observed with average weight losses of 
about 30 %. In severe cases symptom-related yield reduction was 
estimated to be 17 % on-farm, which corresponded to a monetary 
loss of up to 600 €/ha. In 2004 up to 6 % of the plants displayed 
virus like symptoms. Varietal differences in susceptibility were 
observed. In general, late maturing varieties for processing 
showed more symptoms than early maturing fresh market 
varieties. However, this was not consistent in all cases. At present 
eight different carrot viruses have been isolated and partially 
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characterized. Antisera to Carrot yellow leaf virus (CYLV, 
Closterovirus), Carrot thin leaf virus (CTLV, Potyvirus), Carrot red 
leaf virus (CtRLV, Luteovirus), and the Anthriscus strain of Parsnip 
yellow fleck virus (PYFV, Sequivirus) are now commercially 
available for serological analysis of carrot samples. Our provisional 
experimental data indicate that CtRLV is highly variable and the 
causal agents typically associated with the carrot motley dwarf 
(CMD) disease complex may differ in Germany from those 
reported in the literature. Further analyses of single and multiple 
infections with their corresponding symptoms under controlled 
conditions will be necessary to identify the relevant environmental 
conditions leading to economic losses. 
Huang et al. (2005) reported the sequence of 5723 
nucleotides (GenBank accession number: AY695933) is reported 
for the RNA genome of an isolate of Carrot red leaf virus (CtRLV). 
The sequence is predicted to contain six large open reading 
frames and non coding sequences of 28 nucleotides at the 5' end, 
110 nucleotides at the 3' end, and 215 nucleotides between the 
two main blocks of coding sequences. The 5' coding region 
encodes two polypeptides with calculated molecular masses (Mr) 
of 28.6 kDa (PO) and 68.2 kDa (P1) that overlap in different 
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reading frames. Circumstantially, the third ORF in the 5' block is 
putatively translated by frameshift read-through to yield a 
polypeptide (P1+P2) with a calculated Mr of 116.9 kDa. 
Frameshifting is predicted at a "shifty" sequence (GGGAAAC; nt 
1523-1529) also found in most members of the genus Polerovirus. 
The C-terminal region of the 116.9 kDa polypeptide includes the 
consensus sequence for the viral RNA-directed RNA polymerase. 
The 3' block of coding sequence defines three putative 
polypeptides of: 23.0 kDa (P3), 21.3 kDa (P4, in a different reading 
frame) and 77.2 kDa (P3 + P5, by read-through of P3) 
respectively. From the genome structure of CtRLV, it is suggested 
that this virus belongs to the genus Polerovirus, rather than either 
the genus Luteovirus or the genus Enamovirus. 
Jones et al.,(2005) reported the patterns of spread of Carrot 
virus Y (CarVY) were examined in carrot plantings in Western 
Australia into which naturally occurring aphid vectors spread the 
virus from external infection sources. Within three field trials, 
CarVY 'infector' plants were introduced between or at different 
distances from carrot plantings. There was a marked decline in 
CarVY incidence over distance from adjacent introduced infection 
sources. Clusters of infected plants that enlarged and coalesced 
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were concentrated next to such sources but, later, isolated, 
expanding clusters formed further away. With a small external 
virus source, initial spread into the edge of a planting was less 
extensive than with a larger source. When 15-m-wide fallow areas 
separated a CarVY source from carrot plots, spread was much 
slower than when the separation was only 1 m; it was also slower 
upwind than downwind of this source. The data collected help 
validate the inclusion of isolation and 'safe' planting distances, 
intervening fallow, planting upwind, prompt removal of virus 
sources, avoidance of side-by-side plantings and manipulation of 
planting date within an integrated disease management strategy 
for CarVY in carrots. 
Jones et al. (2006) reported that the abilities of different aphid 
species to act as vectors of Carrot virus Y (CarVY) in carrots were 
studied. Their effectiveness at transmitting the virus from infected 
to healthy carrot plants was compared using 5-10 min acquisition 
access feeds. With species that colonise apiaceous hosts, the 
percentage transmission efficiencies found were Myzus persicae: 
56; Dysaphis foeniculus: 19; Aphis spiraecola: 17; D. apiifolia: 13; 
f-lyadaphis foeniculi: 7; Cavariella aegopodii: 4; and H. coriandri: 3. 
With non-colonising species, the respective transmission 
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efficiencies were Lipaphis erysimi: 34; Hysteroneura setariae: 14; 
Brevicoryne brassicae: 12; Acyrthosiphon kondoi: 10; Sitobion 
miscanthi: 7; Rhopalosiphum maidis: 2; and R. padi: 0.5. When 
flying aphids were trapped on vertical nets near to a CarVY-
infected carrot planting, 11 out of 101 H. foeniculi caught 
transmitted the virus to carrot seedlings but the 13 other aphids 
caught, which belonged to three non-colonising species, did not. If 
present in sufficient numbers, all 14 aphid species that transmitted 
the virus have the potential to be important CarVY vectors in carrot 
crops. 
Abid et al., (2007) observed yellow net disease of carrot 
during the survey of virus diseases of vegetable in the adjoining 
areas of Aligarh (U.P). The diseased plants were stunted with 
small roots and showing yellow net symptoms on leaves. In the 
present study an attempt has been made to isolate and identify the 
virus. The virus was found to be transmitted by aphids viz. Aphis 
gossypii, A. craccivora and Myzus persicae in non persistent 
manner. Its host range, biophysical properties and transmission 
studies revealed that the virus causing yellow net disease may 
belong to genus alfamovirus. However purified preparation of the 
virus under E.M showed bacilli from particles varying 30-60 nm in 
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length and 20 nm width and serological test using DAS-ELISA with 
antisera of alfalfa mosaic virus confirmed it to be strain of alfalfa 
mosaic virus. 
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Materials and Methods 
1. MAINTENANCE OF VIRUS INOCULUMS: 
1. Raising of test plants: 
All the plants were grown in clay pots 4" and 6" diameter filled 
with a mixture of soil, sand and compost in a ratio of 2:1:1 . The 
soil mixture was sterilized by autoclaving for one hour at a 
pressure of 20 lbs per sq inch. The clay pots were sterilized by 
rinsing in 4% formalin solution and the soil mixture autoclaved 24 
hours earlier and sieved before use. 
Seeds were grown in 12" clay pots for raising seedling except 
for plants belonging to cucurbitaceae and leguminosae which were 
raised singly by direct sowing in clay pots. Seedlings were 
transplanted singly in clay pots of 4" and 6" diameter .Plants were 
used for inoculation purpose two weeks after transplantation. All 
the plants were raised and placed in an insect proof glass house at 
temperature of 20±5 °C. 
1.2 virus culture: 
The culture of the virus was obtained from the naturally 
infected leaves of carrot showing reddening symptoms. Young 
infected leaves were macerated using mortar and pestle with 
Jiale/dala cutd MetAacU 
simultaneous addition of 1M phosphate buffer (pH 7.0). The 
macerate was filtered through double layered cheese cloth. 
Attempts of single lesion inoculation were made to maintain a pure 
culture on suitable propagation host at 4-5 leaf stage. Inoculation 
were made by weekly mechanical inoculation onto healthy plants 
of propagation host to increase culture, periodic checks were 
made on assay host, N.tabacum cv Samsun A/A/ to ensure 
biological purity of the virus. 
1.3 Source of inoculum : 
Young leaves from infected propagation host plants were used 
as source of inoculum. Inoculum was prepared by macerating 
them in a mortar with pestle in 1M phosphate buffer pH 7.0. For 
each gram of leaf material 10 ml of buffer was used. The macerate 
was filtered through two layers cheese cloth .The sap thus 
obtained was used as standard inoculum. 
2.0 Virus Transmission: 
2.1 IVIechanical Transmission. 
Preparation of buffers: Different types of buffers viz, Acetate, 
Borate, Citrate, and phosphate were prepared using the methods 
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of Gomori (1995). Various additives added to tiie inoculum to 
increase the rate of transmission of virus were 
Sodium suipliite 
Tliiogiycoiic acid 
Disodium etliylene-diamine tetracetic acid (EDTA) 
For mechanical inoculation three to four lower fully expanded 
leaves of the plants were used. The leaves were predusted 
uniformely with carborundum (500 mesh) and standard inoculum 
was applied gently but firmly on the upper surface of the leaves 
with the help of forefinger by keeping the other hand beneath the 
leaf to be inoculated. The inoculated leaves were rinsed with 
gentle stream of water before the inoculum on the surface of the 
leaves dried up. 
2.2 Biological Transmission: 
Attempts were made to find out the mode of transmission of 
virus in the field. Therefore insect, soil, debris, and seeds were 
used to study the transmission. 
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2. 2.1 Insect Transmission: 
(a) Transmission by aphids: 
Adults aphids found transmitting the disease during 
preliminary investigations were used to study virus vector 
relationship (non -persistent, semi persistent and persistent) 
(b) Raising of virus free aphids: 
Viviparous adults were starved for 2,4,6 and 8h at room 
temperature in a petridish and then placed upon a detached leaf 
of an appropriate healthy host in a petridish . The atmosphere 
inside the petridish was made humid by covering the inner surface 
of petridish with wet filter paper. Nevly borne nymphs were 
transferred to a fresh and healthy test plant. The aphid colonies 
thus developed were used as healthy colonies of virus free 
aphids. The aphids from one plant to other plant were transferred 
with the help of moistened tip of camel's hair brush type A, No . 1. 
Colonies of virus free aphids were raised on suitable host 
plant in cages having wooden frames. The top and sides of cage 
were closed by glass and the remaining sides were closed by a 
wire gauze .A fluorescent tube was fixed in the cage to keep the 
aphids under long day condition to get the apterous (wingless) 
43 
Maie>da£d and Meihaib 
aphids. The plants were kept on a zinc - tray and the bottom of the 
tray was covered with a layer of moist sand to prevent the passing 
of the aphids through chinks between the tray and the rim of the 
cage. 
(c) Mode of Transmission: 
To established the mode of transmission following procedure 
was adopted; 
NON PERSISTENT: 
Pre-acquisition starvation periods - 1 to 2h 
Acquisition access period - 2 to 5 min 
Inoculation access period - 24 h 
Number of aphids - 10 
The nymphs were starved for 1 to 2h in a petridish having 
the inner surface covered with a wet piece of filter paper before an 
acquisition access period of 2 to 5 min on the leaf of the diseased 
plant. After allowing acquisition feeding time, the nymphs in 
batches of 10 were transferred to each healthy seedling and the 
plants were covered with Leztz cages for an inoculation access 
period of 24h, the nymphs after the end of inoculation access were 
killed by spraying 0.02 % cypermethrine (insecticide) and the 
plants were kept in an insect proof glasshouse for the development 
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of symptoms .Back inoculation for each plant were made to an 
appropriate local lesion host, N.tabacum cv Samsun A/A/. 
PERSISTENT 
Acquisition access period - 24h 
Inoculation access period - 48h 
Number of Aphids / plants - 10h 
The virus free aphids, without subjecting them to starvation 
were allowed 24h acquisition feeding time on diseased leaves. 
After the completion of acquisition feeding, 10 aphids were 
transferred to each test plant where they were given an inoculation 
feeding period of 48h. Aphids were killed by spraying an 
insecticide cypermethrine (0.02% solution).The test plants were 
kept in an insect proof glass house to observe the development of 
symptoms. Back inoculation from the plants on which aphids were 
given inoculation feedings were made on a local lesion host 
N. tabacum cv Samsun NN. 
2.2.2 Graft Transmission.-
Attempts will be made for side wedge grafting. Infected scions 
will be grafted on healthy stock and kept under appropriate light 
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and humidity condition it allow successful union which is necessary 
for transmission. 
2.2.3 Dodder Transmission: 
Seeds of dodder {Cuscuta reflexa Roxb. And C.chinensis 
Lam.) were germinated on moist filter paper placed in petridish 
and then transferred in 4" clay pots, sterilized with formaline (4%) 
and containing sterilized soli mixture. When the dodder plants 
were about 6" long, they were trained on a suitable host plant 
susceptible to the virus and the host plants (on which the dodder 
was trained) were inoculated after one week. When the dodder 
had been established on inoculated plants, a healthy test plant in 
another pot was placed near the pot (having inoculated plant with 
dodder established on it) and the tips of the branches of dodder 
were detached .placed in the axil of the healthy test plant and 
allowed to established there. The plants were left as such for about 
2 month to develop the symptoms. Back inoculation were made on 
N.tabacum cv Samsun NN to confirm the presence of virus. 
2.2.4 Soil Transmission: 
Soil around the naturally infected plants were collected from 
the field and sieved to remove roots and debris etc. Such soil was 
divided in two parts. One part was filled in a gunny bags and was 
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autoclaved at 15 lbs/ inch^ for one hour and the other part of soil 
was left as such and was filled in pots. Healthy seedlings were 
sown in pots containing sterilized and unsterilized soil. Plants of 
both the sets were kept for observation of symptoms in an insect 
proof glass house. The presence of virus vvas confirmed by making 
back inoculation on the test plants. 
2.2.5 Seed Transmission: 
To determine seed transmission of virus, experiment were 
carried out as follows: 
(a) Sowing method: 
Seeds were collected from infected and healthy plants and 
were sown in an autoclaved soil in an insect proof glass house. 
After seedling emergence, the plants were observed till 5-6 weeks 
and were sprayed with 0.02% cypermethhne at weekly intervals to 
prevent insect infestination. 
{b)lnfectivlty test method: 
Leaf tissue of such plants(grown as above) were macerated in 
1M phosphate buffer (pH 7.0) and then sap obtained was 
inoculated manually on local lesion host, N.tabacum cv.Samsun 
NN to ascertain the presence of virus in them. 
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3 . HOST RANGE STUDIES : 
A number of plant species, belonging to different families 
were screened for the susceptibility to the virus causing red leaf 
disease on carrot. Standard inoculum was used for inoculation of 
all plants . At a time at least 5 plants of each species were 
inoculated and the same number kept as a control. Plants at 5-6 
leaf stage were used and all the fully expanded leaves were 
inoculated. The inoculated plants were observed up to two months 
for the development of symptoms. The time sequence and 
severity of the symptoms were noted . inoculated plants exhibiting 
no symptoms were kept for 8 weeks for observation. Back 
inoculation were made to a test plants from the inoculated plants. 
4 . VIRUS - VECTOR RELATIONSHIP : 
In order to determine the relationship between virus and the 
vector, the method would depend on the type of the vector group 
involved in transmission . However, in general the variabilities 
including number of insect per plant, different pre- acquisition 
starvation periods , varying acquisition and inoculation access 
periods will be worked out along with effect of moulting of insect on 
various retention and latent periods in the vector. 
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5. EFFECT OF DIFFERENT BUFFERS ON THE INFECTIVITY: 
Various buffers ( phosphate, borate, citrate and acetate ) at 
different pH and IVIortality (1M) were used and tested to find out 
the most suitable one in which virus infectivity is retained 
maximum The pH of the buffer was measured by ELICO pH meter 
model LI 613 Young infected leaves were macerated in a mortar 
with pestle using a buffer ( any of the above mentioned ) as 
extraction medium . The sap obtained after filtering it through 
double layered cheese cloth were inoculated on the leaves of local 
lesion host following the usual method of inoculation . All buffers 
were tested in a same way , and a buffer at a pH and molarity in 
which virus infectivity is higher was selected and used regularly as 
an extraction medium for the virus being used. 
6. VIRUS CONCENTRATION IN DIFFERENT PART OF THE 
HOST: 
To determine the virus concentration in different part of the 
host plant, 10-15 days earlier inoculated plants will be uprooted 
carefully and washed. The plants will be blotter dried. Root, stem 
and leaf tissue will be cut separately into pieces. Equal amount of 
root ,stem and leaf tissue will be macerated separately in mortar 
and pestle using a suitable sap obtained from each sample will be 
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inoculated separately on a local lesion host using method of 
inoculation . 
7. SELECTION OF SUITABLE PROPAGATION HOST AND AN 
ASSAY HOST: 
To find out a suitable propagation host several susceptible 
nost were inoculated and that showing most prominent symptoms 
were selected. A plant exhibiting following characters were 
selected. 
•> Rapid seed germination and fast growth 
*> Short incubation period of the virus 
•:• Peak concentration of virus within the short period after 
inoculation 
<• Absence of virus inhibitor 
• More yield of infected tissue with good virus concentration 
Assay yield of virus was carried on a local lesion host. To 
search out a local lesion host several commonly used plants were 
tested. However, in case of non-availability of a local lesion host, 
assay tests of virus was carried out on a s/stemic host. 
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8. BIOPHYSICAL PROPERTIES: 
The dilution end point (DBF), thermal inactivation point (TIP), 
and longevity in vitro of the virus under investigation were tested 
by the method detailed by Noordam (1973). 
8.1 Dilution End Point (DEP): 
By adding suitable buffer, ten fold dilutions ( 10"\10'I..10"^) 
will be made of the sap obtained from infected leaves of the 
propagation host after homogenizing them in a mortar with a pestle 
. Each sample were inoculated on the leaves of the local lesion 
host following the usual method of sap inoculation. In this way the 
dilution at which virus losses its infectivity was determined. 
8.2 Longevity in vitro (LIV): 
In Sap : The infected leaves of the propagation host were 
homogenized in a mortar with pestle using a suitable buffer and 
the homogenate was filtered through two layers of cheese cloth 
and the sap thus obtained . It was divided into two parts one part 
was kept at room temperature (25 ± 5°C) and the other part was 
kept at 4°C of temperature. After every 6h interval, a small amount 
of the sap from both parts were taken and inoculated on the leaves 
of local lesion host following the usual method of sap inoculation. 
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In this way the time after which the virus loss its infectivity was 
recorded. 
8.3 Thermal Inactivation Point (TIP): 
The sap was obtained from young infected leaves of carrot by 
che method as mentioned above. One test tube was left as such at 
room temperature (control) and others were heated at 40,°C, 45°, 
50,° 55,° 70°,75 °C for 10 minute in a water bath 
and cooled immediately in running water. The test tube were held 
in water bath in such a way that the water level in the bath 
remained 2-3 cm above the level. Five plants each of local lesion 
host having 3-4 leaves of equal size were inoculated with the sap 
of each test tube and the local lesion were counted after 4-5 days 
of inoculation. 
9. EFFECT OF DIFFERENT MOLARITIES: 
Different molarities of phosphate buffer, 1M, 0.5M, 0.1M, 
0.05M, 0.02M and 0.01 M were used at a particular pH to access 
their suitability for extraction. 
10. EFFECT OF pH: 
Young leaves of the infected propagation host were crushed 
in a mortar with a pestle and the macerate was squeezed through 
two layers of cheese cloth. The infectious sap thus obtained and 
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divided into nine aliquots. The pH of the aiiquots was adjusted to 
4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5 and 8.0 by the addition of 0.1 M 
solution of acetic acid or NaOH ,as required. Each aliquots was 
then inoculated for half an hour at room temperature (20°C ± 2°C). 
Fourty five plants of the N.tabacum cv. Samsun A/A/ of the same 
age, leaf number and leaf area were selected . Each aliquot was 
then inoculated to 5 plants of N.tabacum cv.Samsun NN using 
carborundum 500 mesh as an abrasive. Local lesion developed on 
leaves were counted after one week. 
11. EFFECT OF VARIOUS ADDITIVES ON VIRUS INFECTIVITY: 
To work out whether the stability and infectivity of the virus 
will get increased , several additives ( Sodium sulphite, DIECA, 
EDTA, Sodium thioglycolate, mercaptoethanol ) will be used. In 
case , the infectivity get enhanced ,the most suitable additives will 
be selected and routinely added to the medium for virus extraction. 
12. PURIFICATION: 
After selecting a suitable buffer, a propagation host (s), an 
assay host (s) and biophysical properties , attempts will be made 
to purify the virus under consideration. The infected leaves of the 
propagation host will be macerated by usual and suitable methods 
and the macerate will be passed through a double layered cheese 
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cloth The sap thus obtained will be given a low speed 
centrifugation at 5000 rpm for 10 minutes. The supernatant (sap) 
will be subjected to various clarification procedures. 
12.1 (a) Organic solvent: 
Organic solvent (butanol, ethylalcohol, chloroform, carbon 
tetra chloride and di-ethyl ether) either separately or in 
combination (such as chloroform butanol) will be used in two ways 
for the removal of the extraneous plant material from the infected 
tissue . 
• By macerating the infected tissue by using a mixture of 
suitable buffer and organic solvent, or 
••• By adding requisite amount of solvent in crude sap 
obtained after macerating the infected tissue in buffer and 
filtering through two layers of cheese clot 
(b) Silver nitrate: 
Different volumes of 1 percent silver nitrate solution will be 
added drop by drop to the standard inoculum (1/ 5) and stirred 
simultaneously. The mixture will be left at room temperature for 30 
minutes and thereafter, centrifuge at SOOOrpm for 15 minutes. The 
supernatant thus obtained will be bioassayed on local lesion host 
for virus infectivity. Out of clarification methods described above, 
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one will be standardized and used as clarification meJhods1?Hhe> 
clarification of the virus being studied. ' \ • ^/ 
12.2 Concentration of Virus: 
The sap obtained after clarification treatment a"^'^'' 
above will be used for concentration of virus by any of the following 
methods. 
(a) Differential Centrifugation: 
The ultra centrifugation will be worked out in model L7- 60. 
Beckman preparative ultracentrifuge using rotor T-60 .Normally 
high speed centrifugation will be done at 50,000rpm unless 
otherwise stated .The pellet .thus obtained will be dissolved in 
suitable buffer . Low speed centrifugation will be performed at 
10,000rpm in a Remi T-24 centrifuge or any other same type of 
centrifuge .The number of cycles and the time of centrifugation at 
different rpm will be carried out keeping in view the stability of the 
virus and it sedimentation. Activation of different samples in 
supernatant and the pellet will be assayed on local lesion host. 
(b) Precipitation: 
(i). Polyethylene glycol (PEG): 
Polyethylene glycol (Mol.wt 6,000) will be used for 
precipitation the virus in clarified sap .Precipitation of the virus will 
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be tried with 2,4,6,8,10 and 12 percent PEG separately . In every 
case, the variation in salt (NaCI) concentration and its impact as 
precipitation of the virus will be standardized. After the addition of 
requisite quantity of PEG and NaCI to the clarified sap, the mixture 
will be stirred on a magnetic stirrer till both (PEG and NaCI) are 
dissolved completely . 
(ii) Ammonium sulphate: 
Different quantities (10-4%) of ammonium sulphate 
(NH4 )2 SO4 (w/v) will be added to clarified sap(1/1) The mixture 
will be stirred at 8 ± 2°C in an ice bucket till the (NH4)2 SO4 crystal 
are dissolved completely . The mixture will be incubated at 4±1°C 
for 2 hour and centrifuged at 5,000rpm for 10 min, to collect the 
precipitate. 
The pellet thus obtained by PEG and (NH4)2S04 
precipitation will be dissolved separately in a suitable buffer and 
re-centrifuged at 5,000 rpm for 5 minutes. Supernatant thus 
obtained will be assayed on local lesion host. 
13. FURTHUR PURIFICATION BY DENSITY GRADIENT 
CENTRIFUGATION: 
Concentrated virus samples obtained by the methods 
described above will be subjected to further purification using 
56 
Jlate/iiatd and MeiAadA 
density gradient centrifugation (Brakke, 1951,1960 ).Linear sucrose 
gradient column will be prepared by layering 7,7,7 and 4nnl of 
0.01 M phosphate (pH 7.0) having 400,300,200 and 100 mg 
sucrose per ml .respectively in a 1x3" tube .The solution of 
different concentration will be layered using a pipette with a broad 
orifice. The heaviest solution will be layered first and the solution of 
decreasing concentration will be layered on the top of each other. 
The column will be used after standing for 24h in a refrigerator .2 
ml of the virus preparation will be floated on the top of column and 
the column will be centrifuged immediately after floating the virus 
preparation to avoid droplet sedimentation .The column will be 
centrifuged in SW-25.1 rotor in L7-60 preparative ultracentrifuge 
.The acceleration up to a few hundred rpm will be made gradually 
.The tubes will be centrifuged for r.ours 3 >2 hours .After 
centrifugation the tubes will be examined in a dark room by 
projecting a beam of light down he tube from the top. The virus 
zone scattering the light will be removed from the tube by 20 
gauze 10 cm long needle bent twice at right angles attached to a 
hypodermic syringe. 
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14 . UV - SPECTROPHOTOMETRY: 
The virus preparation will be examined in Beckman DU-7 
model ultraviolet absorption spectrophotometer to evaluate the 
different methods of purification and to a certain the purity of virus 
isolated. 
Ultravoilet radiations are absorbed in a characterize manner 
by the virus (nucleo-protien) containing solutions. Absorbance of 
samples will be studied in UV-range (230-320 nm) and graphs will 
be plotted. Values at A max/min28o/26o and A260/280 will be calculated 
to know the opproximate percentage of nucleic acid . 
(15) ELECTRON MICROSCOPY: 
Shape and size of virus particle will be studied in electron 
microscope. 
15.1 Leaf dip method: 
Method described by Brandes (1964) will be followed for leaf 
dip preparations. One drop each of 20% potassium phosphotugstic 
acid (PTA) and uranyl acetate will be placed separately on several 
formvar coated copper grids having carbon backings. The freshly 
cut ends of infected leaves will be dipped in the drop for 2-4 
seconds. Such grid will be allowed to dry for sometime and 
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thereafter examined under electron microscope at various 
magnifications. 
15.2 Procedure with purified virus preparation: 
A small droplet of purified virus preparation will be placed on 
coated copper grids having carbon backing ,then a small drop of 
suitable strain (either PTA or uranyl acetate ) will be added to the 
virus suspension . The excess fluid will be absorbed with a small 
piece of filter paper leaving a very thin film of fluid on grids, which 
will be dried at room temperature. Such grids will be examined 
under electron microscope . 
(16) SEROLOGY: 
Specific antigen and antibody reaction is one of the useful 
techniques either for assigning the virus to a particular group or to 
differentiate it at the strain level. Antisera to the virus under 
consideration will be prepared for the identification of the virus as 
well as for testing the latent infection in certain hosts. Besides it 
would also be useful for ascertaining the ceed transmissible nature 
of the virus through routine serological methods or by enzyme 
linked immuno-sorbent assay (ELISA ). 
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16.1 Raising of AntJsera: 
Young healthy rabbits, approximately 3lbs in weight will be 
used for production of antisera The purified or partially purified 
virus preparation will be used as antigen. 
To work-out the effect of injection on the formation of 
antibodies as well as titre of the antiserum, antigen (virus 
preparation) will be injected intravenously or intramuscularly or in 
both ways. 
The antigens will be administered intravenously through the 
marginal ear vein of the rabbit using a clinical syringe with a fine 
needle. Five to seven weekly injection of virus preparation of 2ml 
.Each will be administered intravenously through the marginal vein 
of the ear. For intramuscular injection, antigen will be emulsified 
with an equal volume of Freund's incomplete adjuvant. The 
injections of the virus adjuvant mixture of 3ml each at an interval of 
2 weeks will be administered intramuscularly in thigh of the same 
rabbit which has been given intravenous injection of antigens. 
Test bleedings will be made several times from the ear of the 
rabbit at different intervals after the administration of last 
intramuscular injection to check the antibody titre in serum .After 
the titre will reached its maximum, the immunized rabbits will be 
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finally bled by giving a sharp incision and the marginal vein of the 
ear, which has not been used for injecting the antigens. About 10-
15 ml of the blood will be collected and allowed to clot at room 
temperature (20 ± 5°C) for 2 hours and kept overnight in a 
refrigerator. Serum containing antibodies (antiserum) will thereafter 
be separated and centrifuged at 1,000rpm for Sminutes to remove 
fibron, blood cells etc .The straw yellow colored antiserum will be 
collected and stored for serological studies. 
16.2 ELISA (Enzyme Linked Immune Sorbant Assay ): 
Direct antigen coating ELISA (DAC-ELISA) will be using 
virus antisera . The basic technique will be the same described by 
Clark and Adams (1977). It is used for assaying by either a 
competitive or a double antibody methods and for assaying a 
specific antibody (Ab) by an indirect method. Here through this 
method we measure Ab levels. 
The putative antiserum will be reacted with specific Ag 
attached to a solid phase. Only specific antibody (Ab) molecule 
bind to the antigen (Ag) and all other material will be washed 
away. Exposure of this complex to enzyme labeled anti-lgAb 
results in binding of specific antibody molecule adsorbed from the 
original serum. The complex will be washed and the substrate of 
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the enzyme will be added, resulting in the activity proportional to 
the amount of specific antibody in the original serum. Few 
enzymes like Horse radish-per-oxidase (HRPO) or alkaline 
phosphatase have been used to label antibodies. 
PROCEDURE: 
•:• First lOOpI of antigen (1|jg) in carbonate buffer pH 9.6 will be 
coated in each well of micro ELISA plates. 
•:• Plates will be incubated at 37°C overnight in a humid 
chamber. 
• Wells will be blocked by 100 pg of 1% BSA or non-fat dried 
milk (5%) in carbonate bicarbonate buffer in each well for 6 
hrs at 37° C in humid chamber. 
<• Wells will be washed with Tween-TBS and incubate 100pl of 
antiserum in each well for 6hrs. 
•> Wells will be washed extensively with Tween -TBS to 
remove unbound antigens (virion particles) and then 100 pi 
of antisera enzyme conjugate will be added to each well. 
•> Incubate plate for 1h at 37°C. 
• Wells will be washed with Tween -TBS and lOOpI of 
substrate. 
Then we wait till the colour develops. 
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Lastly, abscrbance will be measured at 450nm in ELISA reader. 
(Bio Med,USA) 
17- ISOLATION OF NUCLEIC ACID: 
Phenol detergent method will be used to isolate the nucleic 
acid of viruses. To a 2.5 ml of purified virus preparation, 0.05ml of 
6% sodium dodecyl sulphate and 2.5 ml of water saturated phenol 
will be added. The phenol used will be redistilled and stored at 
10°C after adding distilled water. The mixture will be stirred in a 
glass tube on a magnetic stirrer for 10 minutes and then 
centrifuged for 5 minutes at 3,000 rpm in a clinical centrifuge. 
The mixture will be separated into two layers, the upper 
aqueous layer and the lower phenol layer containing sodium 
dodecyl sulphate. The top aqueous layer will be drawn with a 
pipette. To the lower phase 2.5 ml of 0.01 M phosphate buffer (pH 
7.0) will be added and stirred for 10 minutes and then centrifuged 
for 5 minutes at 3,000 rpm. The aqueous phase will be drawn off 
and polled together with aqueous phase obtained at previous step 
and stirred for 10 minutes with an equal volume of phenol followed 
by centrifugation. The aqueous phase will be extracted once more 
with half the volume of phenol. Traces of phenol will be removed 
from the aqueous phase by extraction with ether. The nucleic acid 
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will be precipitated by the addition of 2 ml of ice cold ethanol to the 
solution. The precipitate will be polluted out by centrifugation for 15 
minutes at 7,500 rpm. The pellet will be suspended in 0.01 M 
phosphate buffer (pH 7.0) and centrifuged for 15 minutes at 10,000 
rpm to remove any insoluble material present in the precipitation, 
and the supernatant thus obtained will be tested for infectivity and 
type of nucleic acid (RNA or DNA ). 
17.1 Infectivity of viral nucleic acid: 
The infectivity of viral nucleic acid will be assessed by 
inoculating the nucleic acid preparation on local lesion host. 
Several dilutions of nucleic acid preparation will be made and 
inoculated on the local lesion host and the number of local lesions 
developed will be compared with the corresponding dilutions of the 
virus preparation. 
17.2 Type of nucleic acid: 
It is well known that RNA and DNA differ in their chemical 
composition with respect to base and sugar involved in their 
composition. RNAs are known to contain ribose sugar and uracil 
base( other three bases being adenine, cytosine and guanine) 
while DNAs contain thymine (other three bases are same as in 
case of RNA) and deoxyribose sugar. 
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Thus, test will be performed to study the type of sugar. 
Diphenylamine test for deoxyribose or orcinal test for ribose sugar 
will be used for ascertaining the type of nucleic acid in virus under 
investigation. 
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Results 
1. Natural Symptoms: 
Naturally infected plants of carrot, Daucus carota L. showed 
reddening and mosaic like symptoms on leaves .At advanced 
stage, the infected plants showed reduction in leaf size, downward 
curling of leaf (fig. 4) and yellowing of leaves (fig. 19). 
2. Disease Incidence. 
Survey conducted to record the incidence of viral disease in 
2006-2007, revealed that the maximum incidence of the disease, 
more than 90 percent was in the month of October and November. 
However, only 12-18 percent was recorded from March to May and 
more than 75 percent incidence was observed in December and 
January (Table1& Fig b). 
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Table-1 Disease incidence of virus in different months during 
2006-2007 
S.NO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Date of observation 
October, 2006 
November, 2006 
December, 2006 
January, 2007 
February, 2007 
March , 2007 
April, 2007 
May, 2007 
June, 2007 
No. of plants 
observation 
100 
100 
100 
100 
100 
100 
100 
100 
100 
No. of 
diseased 
plants 
90 
95 
95 
76 
79 
75 
17 
11 
9 
%of 
disease 
incidence 
90 
95 
95 
76 
79 
75 
17 
11 
9 
3. Transmission 
A- By Sap: 
The virus causing red leaf disease of carrot was readily 
transmitted by sap prepared in 1M phosphate buffer pH 7.0 from 
carrot to carrot, Nicotiana species and various other hosts. The 
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Disease incidence of virus in different months 
I No. of infected plants 
Oct,2006 Nov,2006 Dec,2006 Jan,2007 Feb,2007 Mar,2007 Apf,2007 May,2007 Jun,2007 
Months 
Fig. b. Showing the disease incidence in different months. 
transmission of disease was 90-100% by sap inoculation using 
carborundum predusted 2-3 basal leaves of healthy plants. 
B- By Aphids: 
In transmission studies the healthy colony of aphids were 
raised and nymphs were used as a vectors. It was found that 
Aphis gossypii and Myzus persicae were found to be most efficient 
vector and transmitted the virus in non-persistent manner from 
naturally infected Daucus carota to D.carota and on Coriandrum 
sativumAO aphids per plant were used for transmission and 
transmission rate was about 50% where as it was only 25% in 
case of N.tabacum cv Samsun A/A/. 
3. Host Range and Symptomatology : 
Various species and cultivars belonging to different families 
were mechanically inoculated with standard inoculum and to 
determine the host range of virus causing red leaf disease of carrot 
.To ascertain the presence or absence of the virus, back 
inoculation from all inoculated plants were made on N.tabacum cv 
Samsun NN and the plants inoculated developed symptoms as 
described below and the virus was recovered on back inoculation 
in most of the cases. 
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Apiaceae : 
> Daucus carota L 
Systemic symptoms appeared after 10-15 days of inoculation 
on the leaves in the form of yellowing and 'nettling (fig 1 & 2). 
> Coriandrum sativum L. 
On the inoculated leaves systemic symptoms appeared 5-7 
days after inoculation in the form of leaf deformation (fig.3) but In 
severe condition the leaves showed reduction of lamina and 
becomes thin (fig. 5). 
Solanaceae : 
> Datura mete IL 
Systemic symptoms appeared 5-6 days of inoculation in the 
form of leaf deformation (fig. 8). 
> N.tabacum cv.Samsun NN 
Chlorotic local lesions were observed on the inoculated leaves 
after 5-7 days of inoculation (fig. 9 &10). 
> N. tabacum cv.Hema 
Inoculated leaves showed leaf deformation and mottling like 
symptoms on newly emerging leaves .(fig. 11). 
> N.megalosiphon 
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The symptoms appeared on the inoculated plants in the form 
of downward curling of leaves, (fig. 12). 
> N. tabacum cv.jayasri 
The systemic symptoms appeared in the form of mottling and 
mosaic on inoculated leaves after 10-15 days of inoculation(fig.18). 
> N.tabacum cv. GT-4 
Systemic symptoms were observed after 12-15 days of 
inoculation in the form of mottling and leaf deformation of leaves 
(fig. 13). 
> N. tabacum cv. xanthi 
The symptoms appear on the inoculated plants in the form of 
blistering of leaves, (fig. 22). 
> Petunia hybrida L 
Systemic infection were observed after 5-7 days of inoculation 
in the form of mottling of leaves, (fig. 16). 
Chenopodiaceae : 
> Chenopodium amaranticolor Coste and Reyn 
After 4-10 days of inoculation, necrotic local lesions 
developed. The inoculated leaves were shed after 15-20 days of 
virus inoculation, (fig. 17). 
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> Beta vulgaris L 
Systemic symptoms appear in the form of upward curling of 
leaves after 7-10 days of inoculation, (fig. 20). 
> Spinacea oleraceae L. 
The systemic symptoms appeared on the inoculated plants in 
the form of upward curling of leaf after 8-10 days of inoculation, 
(fig. 14). 
Cucurbitaceae : 
> Cucumis sativus L 
Systemic symptoms appeared 14-15 days of inoculation in the 
form of mosaic pattern (fig. 21). 
Leguminosae : 
> Phaseolus vulgaris L. 
Vein clearing and mosaic pattern appeared after 10-15 days of 
inoculation.(fig. 15). 
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Susceptible host plants: 
Family/Plant species 
Cucurbitaceae 
Cucumis sativus L. 
C.melo L. 
Cucurbita pepo L. 
Lagenaria Siceraria Standi 
Luffa cylindrica Roem. 
Chenopodiaceae 
Beta vulgaris L. 
C.amaranticolor Coste and 
Reyn 
Spinacea oleraceae L 
Leguminosae 
Vicia faba L 
Phaseolus vulgaris L. 
Solanaceae 
Nicotiana tabacum cv. Samsun 
N.tabacum GT-4 
N.tabacum cy.xanthi 
N. tabacum Jayasri 
N.megalosiphon 
Datura metel L. 
Petunia hybrida L 
Apiaceae 
Coriandrum sativum L 
Daucus carota L 
Symptoms 
Mm, SM 
SL 
Mm ,Vc, Cp 
Vc, Mos 
SL 
Vy, Mos 
NLL 
LC 
Mos, Vc 
Vc, Mos 
CLL , NLL, Mot 
Mot, Mos 
Mot, B 
Mos, Mot 
LC 
Mos,B 
Mot, Mos 
Mot,Vc 
Ld. Mot 
Vy, Lc, Vc 
Days required 
for symptoms 
expression 
7-10 
7-10 
5- 10 
-
8- 15 
10-15 
8-10 
10-12 
10- 15 
5-7 
12-15 
8-12 
10-15 
5- 10 
5 - 10 
10-12 
5 -7 
8- 12 
7-15 
CLL 
Mm 
SM-
Vy -
Vc -
SL-
L C -
- Chlorotic local lesion 
- Mosaic mottling 
Severe mosaic 
Vein yellov/ing 
Vein cleari.ig 
Symptomless 
Leaf curling 
Ld - Leaf Deformation 
Mos- Mosaic 
Wt- Wilting 
B - Blisters on leaves 
NLL-Necrotic local lesion 
Cp - Chlorotic patches 
MM - Mild mosaic 
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Fig 1. Inoculated leaf of D.carota L showing disease symptoms in the 
form of yellowing and vein clearing. 
Fig 2. Mechanically inoculated leaves of D.carota L showing 
systemic symptoms in the form of mottling. 
Fig 3. Inoculated leaf of Coriandrum sativum L. showing leaf 
deformation and yellowing (right) and healthy (left). 
Fig 4. Naturally Infected leaves of D.carota L showing disease 
symptoms in the form of mosaic and mottling. 
Fig 5. Mechanically Inoculated leaves of Coriandrum sativum L. 
showing severe symptom in the form of leaf deformation 
and thin leaf (right) healthy (left). 
Fig. 6. Inoculated leave of Cucurbita peop L. showing disease 
symptoms in the form of vein clearing & mild mosaic. 
Fig 7. Naturally infected leaves of Coriandrum sativum L showing 
symptoms in the form of reddening of leaves. 
Fig 8. Datura metel L. showing symptoms in the form of leaf 
deformation and mild mosaic. 
Fig 9&10. Inoculated leaves of Nicotiana tabacum cv. Samsun NN 
showing necrotic local lesions. 
Fig 11. Inoculated leaves of N.tabacum cv. Hema showing systemic 
symptoms in the fomi of leaf deformation and mottling. 
Fig 12. Mechanically inoculated leaves of N.megalosiphon showing 
symptoms in the form of downward curling of leaves. 
Fig 13. Inoculated leaves of N.tabacum cv.GT-4 showing disease 
symptoms in the form of mottling and leaf deformation. 
Fig 14. Inoculated leaves of Spinacea oleraceae L. showing systemic 
symptoms in the form of upward curling. 
Fig 15. Inoculated leaf of Phaseolus vulgaris L showing symptoms in 
the form of vein clearing and mild mosaic. 
Fig 16. Mechanically inoculated leaf of Petunia tiybrida L. showing 
Mottling. 
Fig 17. Inoculated leaves of Chenopodium amaranticolor Coste and 
Reyn. Showing necrotic local lesions. 
Fig 18. Inoculated leaf of N.tabacum cv. Jayasn showing disease 
symptoms in the form of mottling and mosaic. 
Fig 19. Naturally infected leaf of D.carota L showing symptom in the 
form of yellowing and vein clearing. 
Fig 20. Inoculated leaves of Beta vulgaris L showing disease 
symptoms in the form of upward curling. 
Fig 21. Mechanically Inoculated leaf of Cucumis sativus L showing 
systemic dark green patches in the form of mosaic. 
Fig 22. Mechanically inoculated leaf of N.tabacum cv.xanthi shoW\r\g 
symptom in form of blistering 
Non Host Plants: 
Following plant species and cultivars produced no symptoms 
(local/ systemic) till two month after inoculation and no virus could 
be recovered when back inoculation from these plants were made 
on N.tabacum cv.Samsun A/A/. 
Ascelpiadaceae 
Calotropis procera L 
Asteraceae 
Dahalia pinnata cav.cv.Dwarf mixed 
Calendula officinalis L 
Tagetes erecta L. 
Ageratum maxicanum Sims.cv.Blue mink 
Ctirysantliemum indicum L. 
Tagetes minuta L 
Zinnia elegans Jacq.cv.Suttons Giant Doub 
Cosmos bipinnatus L 
Xantliium strumarium Rafin 
IHelianthius annus L 
Amaranthaceae 
Amaranthus caudatus L 
Gompiirena globosa L. 
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Brassicaceae 
Brassica compestr 
Brassica oleraceae L.var.botrytis cv.Snow Ball 
B. rapaLcv. purple Top White 
Raphanus sativus Lev.Bombay Red. 
cv. Chinese pink 
cv. Pusa Himani 
Caryophyllaceae 
Dianthus caryophyllus L 
Stellaria media 
Cannabinaceae 
Cannabis sativa 
Chenopodiaceae 
C. quinoa L wild 
C. album 
Cucurbitaceae 
Citrulus vulgaris Schrad var.fisulosus cv.Dil 
Momodica charanita Lev.Poena Long Green. 
Momodiea eharanita Lev.Coimbatore Long. 
Benineasa hispida Savi. 
Cueurbita mosehata L 
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Cucurbita maxima Duch.cv. Large Red. 
Convolvulaceae 
Convolvulus arvensis L. 
Liliaceae 
Allium cepa Lev.Red Globe 
Allium sativum L. 
Malvaceae 
Abelmoschus esculentus L. 
Papaveraceae 
Papaver somniferum 
Papilionaceae 
Phaseolus aureus L 
Phaseolus mungo L 
Trigonella foenum-graecumL. 
Cicer arietinum 
Glycine max (L.) Merr 
Pisum sativum Lev Boune 
Vigna sinensis L. 
Polemoniaceae 
Phlox carl I in a L. 
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Solanaceae 
Capsicum annum Lev. cluster suryamukhi. 
N. tabacum L. 
N. longiflora 
N. plumbaginifolia 
N. debneyi Domin 
N.glutinosa 
N.tabacum cv CTRI special 
N. tabacum cv Anand2 
N. tabacum cv Btiopali pakra 
N.occidentalis Wheeler 
Lycopersicon esculentum L 
Solanum nigrumLcv.Black Beauty 
Solanum nigrumL.cv.Pusa purple Long 
Solanum melongena Lev Black Beauty 
Verbenaceae 
Verbina hybrida L 
4. SELECTION OF LOCAL LESION HOST : • 
Three local lesion host of the virus causing red leaf disease of 
carrot viz. Chenopodium amaranticolor Coste and Reyn , C. 
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murale and N. tabacum cv. Samsun NN. were corrip^re^^eFselect 
the most suitable one . The inoculum was prepared from infected 
N. tabacum cv. Samsun NN and local lesion were counted 5-7 days 
after inoculation . (fig. a). 
Tablel. Number of local lesion on different local lesion host of 
virus causing red leaf disease of carrot (Daucus carota L) 
S. No. 
1 
2 
3 
Local lesion host 
Chenopodium amaranticolor 
C. murale 
N. tabacum cv. Samsun NN 
No. of local 
lesion /leaf* 
40 
28 
45 
*Average number of local lesion /plant based on three experiments with three 
plants having 5-6 leaves each. 
Out of these three local lesion hosts the necrotic, easily 
countable and consistent lesions were produced on N.tabacum cv 
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Selection of local lesion host 
D CannaranticolGr QC.murale D N.tabacum cv. Samsun NN 
Fig. a. Showing Selection of local lesion host. 
Samsun NN In this way N.tabacum cv Samsun A/A/ was chosen as 
the assay host and test plant for the present virus. 
5 . PROPERTIES OF THE VIRUS IN PLANT SAP 
Johnson (1972) for the first time suggested that some 
parameters such as dilution end point (DEP), thermal inactivation 
point (TIP), and longevity in vitro (LIV) provide information in the 
identification of plant virus. These parameters gave an idea about 
the stability, concentration and properties of the virus in plant sap 
and provided information about the best environment to keep the 
virus and to maintain its infectivity. Although these studies have a 
restricted value (Ross, 1964), are of great help in determining the 
procedure for purification of the virus and in its characterization. 
Studies on these properties were carried out using Daucus 
carota L. as donor host and N.tabacum cv Samsun NN as assay 
host of the virus. 
(a) Dilution end point (DEP): 
The virus in crude sap was found to be infectious at a dilution 
of 10'^ but lost infectivity when the sap was diluted to 10"^  (Table -
2). Therefore the dilution end point of virus lies between 10"^  and 
10"^ 
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Table2. Effect of dilution of crude sap on the infectivity 
of the viruij 
Dilution 
(control) 
Undiluted 
10"' 
10-^  
10"^  
10"^  
10-^  
10"^  
No. of plants 
inoculated 
5 
5 
5 
5 
5 
5 
5 
Average no. of local 
lesion /leaf * 
42 
35 
15 
10 
4 
0 
0 
*Average number of local lesion /leaf based on five plants of N.tabacum cv 
Samsun A/A/ having 6 leaves each . 
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(b) Thermal inactivation point(TIP): 
In crude sap the virus was still infectious after being heated for 
10 minutes at a temperature of 65°C but was found to be inactive 
being heated at 70°C (Table 3) Thus the thermal inactivation point 
(TIP) of the virus lies between 65°C to 70°C. 
Table 3. Effect of temperature on the infectivity of the 
virus. 
Exposure of 
temperature in °C 
Control (unheated) 
40 
45 
50 
55 
60 
^ 65 
70 
75 
80 
No. of plants 
inoculated 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
Average no. of local 
lesion/leaf* 
45 
40 
33 
27 
13 
11 
6 
0 
0 
0 
*Average number of local lesion/leaf based on five plants of N.tabacum cv 
Samsun A/A/ having 6 leaves each. 
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(c) Longevity in vitro (LIV): 
Two samples of crude sap obtained from infected leaves of 
propagation host, and were kept in two sterilized vials . One was 
kept at room temperature (25 ± 5°C) and the other in a refrigerator 
(40°C). Each sample was assayed on N.tabacum cv Samsun A/A/ 
after a specific period of storage (Table 4&5) The virus retained 
infectivity in expressed sap upto 66 h (20+ 5°C) and loose its 
infectivity thereafter where as at 4 °C the virus retained its 
infectivity upto 3 week. 
Table 4 Longevity in vitro of crude sap when stored at 
room temperature (20 ± 5°C) 
Storage in hours 
Immediate after extraction 
After 6 hours 
After 12 hours 
After 18 hours 
After 24 hours 
After 30 hours 
After 36 hours 
After 42 hours 
After 48 hours 
After 54 hours 
After 60 hours 
After 66 hours 
After 72 hours 
After 78 hours 
After 84 hours 
Average no. of local lesion/leaf* 
45 
23 
21 
19 
15 
16 
13 
12 
10 
9 
7 
3 
0 
0 
0 
1 
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Table 6 Longevity in vitro of crifde sap when stored at 4° C. 
Duration 
1 
Immediately after extraction 
After 1 week 
After 2 week 
After 3 week 
After 4 week 
Average no. of local lesion 
/leaf* 
40 
32 
25 
9 
0 
*Average number of local lesions/plant based on three experiments with 3 
plants of N.tabacum cv Samsun NN having 6 leaf. 
6. EFFECT OF MOLARITY: 
Attempts were made to determine the most suitable molarity 
of potassium phosphate buffer (pH 7.0) for virus infectivity. The 
leaves of Daucus carota L. exhibiting virus symptoms were 
macerated in phosphate buffer at different molarities. The samples 
were assayed on local lesion host to compare virus infectivity. 
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Table 6. Effect of different morality on the infectlvity of virus. 
S.NO 
1 
2 
3 
4 
5 
6 
MOLARITY 
1M 
0.5M 
0.1M 
0.01M 
0.02M 
0.05M 
No. of local lesions 
/leaf* 
45 
32 
25 
12 
10 
5 
*Average number of local lesions/plant based on three experiments with 3 
plants of N.tabacum cv Samsun NN having 6 leaves each. 
It is clear from the Table 6 that the extraction of infected 
leaves in 1M phosphate buffer at ph' 7.0 gave the highest 
infectivity (fig c). 
Thus for the extraction of virus from infected tissues and 
maintaining the extracts at different stages of purification, 1M 
potassium phosphate buffer(pH7.0) was found to be suitable at 
which virus infectivity was highest. 
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Effect of different molarities 
so 
45 
40 
35 
d 
S- 30 
C 
2 25 
in ^^ o 
| 2 0 
- 1 
15 
10 
5 
0 
"^-m 
\ 
1 1 
IS No. of local lesions 
' V ••',•• . • V U2W1 J S M 
Different molarities of phosphate buffer 
Fig. c. Infectivity found at different molarities of phosphate buffer. 
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7. EFFECT OF pH : 
The crude sap was obtained from virus infected leaves of 
carrot. The sap was divided into 9 aliquots of 10 ml each. The pH 
of the sap was adjusted to desired level using 0.1M acetic acid or 
NaOH. The sap, after adjusting the pH was inoculated to three 
plants of N.tabacum cv.Samsun NN Results of experiments 
showed that pH 7.0 was the most suitable pH for maintaining the 
infectivity of the virus (Table 7 fig d). 
TableT. Effect of different pH on the infectivity of virus. 
S.NO 
1 
2 
3 
4 
5 
6 
7 
8 
9 
*Average of t 
pH values 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
hree experiments with 3 plants h 
No. of local lesions/leaf* 
9 
15 
21 
27 
17 
20 
45 
27 
9 
aving 5 leaves each. 
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Effect of pH on the infectivity of virus 
&0 
45 
« 
3 5 H 
M 
e 
o 
•3) 30 
| 2 5 
O 20 
o 
15 
10 
5 -
0 -
a No. of local lesions n 
4pH 4,5pH 5pH 5.5pH 6pH 6.5pH 7pH 
Different pH of phospiiate buffer 
7.5pH 8pH 
Fig. d. Effect of different pH on the infectivity of virus. 
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8. EFEECT OF VARIOUS BUFFERS AT DIFFERENT pH 
LEVELS: 
Effect of acetate , boric acid borax , citrate phosphate and 
potassium phaosphate buffers at different ph values were 
compared for extraction of virus causing red leaf disease from 
infected leaves of Daucus carota plants. 
Table 8. Effect of various buffers 
BUFFER 
1 M acetate buffer 
1M Borate buffe" 
1M Citrate buffer 
1 M Phosphate buffer 
pH 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
at different pH levels 
No. of local lesions / leaf* 
4 
8 
9 
9 
12 
14 
5 
4 
4 
6 
7 
3 
12 
12 
10 
7 
9 
4 
21 
27 
17 
20 
45 
9 
* Average no. of local lesions / plant based on three experiments with 3 plants 
of N.tabacum cv Samsun A/A/ having 6 leaves each. 
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Results presented in the table Table 8 indicated that the 
maxinnum infectivity was observed with potassium phosphate 
buffer{pH 7.0). 
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Discussion 
The virus infecting plants of carrot was observed in some 
areas of Aligarh, which exhibiting some characteristic 
symptoms in the form of mosaic, yellowing and curling of leaves 
and in extreme cases the plants were comparatively shorter 
and growth was retarted. The culture of the virus was 
maintained by a single lesion inoculation on to Nicotiana 
tabacum cv. Samsun NN as well as on carrot in an insect proof 
glass house. Symptoms on inoculated plants appeared 10-15 
days after mechanical inoculation by using 1 M phosphate 
buffer (pH 7.0). A wide range of plant species were used for 
host range and symptomatology. The virus has a narrow host 
range infecting 13 plant species and cultivars distributed into 5 
families. The virus has got three local lesions host 
C.amaranticolor, C.murale and N.tabacum cv Samsun NN. 
The biophysical properties of a virus such as dilution end 
point(DEP),longevity in vitro (LIV),and thermal inactivation point 
(TIP) are basic information required for characterization and 
identification of viruses. The present isolate of virus have got 
longevity in vitro of 66hr at room temperature (20±5°C) and 
about 3 weeks at 4°C. Dilution end point was found between 
10"^  - 10"^  and thermal inactivation point lies between 65-70°C. 
Carrot {D.carota L.) is known to be infected by a number of 
plant viruses. Some of the important viruses reported on the 
D.carota L. are cucumber mosaic virus (Wolf and 
Schmelzer,1973), carrot thin leaf virus and celery mosaic virus 
(Howell and Mink, 1981), carrot mottle dwarf virus (Stubbs 
1974), Lucerne mosaic virus(Douine, 1976), carrot red leaf 
virus (Waterhouse and Murant,1982), Tomato black ring spot 
(Waterhouse and Murant,1982). 
The comparison of the symptomatology, host range and 
biophysical properties of the virus, with other virus reported to 
infect carrot (D.carotaL.) revealed that the present isolate differ 
markedly from them. The present virus is isolated from wild 
carrot (D.carota L). It shows similarities to the investigation 
reported by Howe!) and Mink (1997), in isolating CMDV and 
CTLV from both poison hemlock (Conium maculatum) and wild 
carrot . This virus shows some similarities with those reported 
by Horvath et al. (1976) and Chod (1984) in its mode of 
transmission. The Aligarh isolate of virus shows 90-95% 
disease incidence during the survey which is similar to the 
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investigation reported by Howell and Mink (1977) in case of 
CTLV and totally dissimilar with the carrot mottle virus and 
CeMV described by Wolf and Schmelzer (1972).The virus 
reported herein shows many similarities from the virus reported 
by Lindera et a! (2004) in producing systemic symptoms on 
carrot plants. Ndunguru and Kapooria (1997) reported that 
CMV could not be detected in Coriandrum sativum L.but in our 
experimental host range studies Coriandrum sativumL. exhibit 
thin leaf and mottling after 5-7 days of inoculation. The present 
virus have some resemblance with those reported by Howell 
and Mink (1997) in its mode of transmission. They reported that 
subsequent spread of CTLV was mainly related to the 
appearance of M.persicae. The present virus differ in their 
biophysical properties from the virus described by Howell and 
Mink(1976). They found physical properties in crude sap 
included; longevity in vitro 2 days, thermal inactivation point 50-
555°C and DEP>10"^ The alfalfa mosaic virus infecting carrot 
crop, producing yellow net disease described by (Abid et al 
2007) differs in its host range and biophysical properties. The 
present isolate of virus shows some similarities with those 
reported by Chod(1989) in producing local lesions on C.murale 
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and C.amaranticolor. Investigation of Meunier and Verlioyen 
(1987) in Belgium differs from our experimental studies. These 
authors were found that CRLV and CMotVwere transmitted by 
C.aegopodii in a persistent manner while the present virus was 
found to be transmitted by M.persicae and A.gossypii in a non 
persistent manner. Van Dijk and Boss (1985) isolated 
cucumber mosaic virus from carrot which shows similarities to 
our experimental studies. The present isolate also shows some 
similarities to the virus described by Lindera et al (2004). The 
Aligarh isolate shows some dissimilarities with those reported 
by Tomlinson and Webb (1974) in producing typical symptoms 
in N.clevelendii. However, H.clevelendii was found to be 
symptomless carrier. The symptoms of Lucerne mosaic virus 
reported by Douine (1976) was found to be similar to the 
present isolate. The present virus also similar to those reported 
by Howell and Mink (1979) in its mode of transmission. They 
found that CMDV is not seed transmitted. The virus however 
resembles to CMV of Wolf and Schmelzer (1972) in its 
symptoms, host range and mode of transmission. 
Its host range, biophysical properties and transmission 
studies suggest that the virus causing red leaf disease may be 
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to the genus cucumovirus which will be confirmed from the 
further characterization of the virus such as purification, 
electron microscopy, serological tests and molecular diagnosis. 
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